Little is known about innovation in developing countries, partly because of the lack of comparable and reliable data. Collecting data on firm-level innovation is challenging because of the subjective definition of what determines an innovation, a problem that is exacerbated in developing countries where innovation is likely to be more incremental and less radical. This paper contributes to the literature by presenting the results of an experiment aiming to identify the survey instrument that better captures firm-level innovation in developing countries. The paper shows that a small set of questions included in a multi-topic, firm-level survey does not provide an accurate picture of firm-level innovation and tends to overestimate innovation rates. Issues related to framing explain some of the unreliability of innovation responses, while cognitive problems do not appear to play a significant role.
Introduction
The critical role of innovation in economic growth and economic development is uncontested. Innovation is the engine of the Schumpeterian process of "creative destruction" where innovative firms and entrepreneurs continuously drive allocative efficiency and productivity growth (Schumpeter, 1942) . A large empirical literature, mainly based on data on OECD countries, documents a robust positive relationship between firm-level innovation and productivity (Hall et al., 2009; Hall, 2011) ; innovation and employment (Harrison et al., 2008) ; R&D and productivity (Hall et al., 2010 ).
Yet very little is known about the extent and impact of firm level innovation in developing countries. The majority of existing studies are limited to either one country or a specific industry (Bogliacino et. al, 2012) .
Some exceptions have focused on the experience in Latin America, using cross-country analysis (Turriago, 2003; Hall e Maffioli, 2008) , highlighting the differences with the experience of European countries (Raffo et al., 2008) , or the linkages between innovation and productivity (Crespi and Zuniga, 2012; Zuniga and Crespi, 2013; Crespi et al., 2014) . Outside Latin America the evidence is even more limited. Cirera et al. (2015) have analyzed the impact of innovation on productivity in a large sample of countries in SubSaharan Africa, South Asia, Eastern and Central Europe and the Middle East. Other studies include a recent analysis of the impact of corruption on innovation (Paunov, 2016) and a study on the use of the Internet as a driver for inclusive innovation (Paunov and Rollo, 2016) . This lack of evidence has greatly undermined the ability to design appropriate and evidence-based policies to promote innovation and support economic growth in developing countries.
One of the main reasons for this lack of evidence is a lack of adequate data. Despite significant efforts in recent years by national and international agencies to implement innovation surveys in developing countries (Unesco, 2015; Nepad, 2014) , innovation data are still scattered and suffer from several limitations. First, available innovation data are hardly comparable (Bogliacino et. al, 2012) . Innovation surveys in developing countries are mainly conducted on a country-by-country basis without following a standardized methodology. Differences in survey instruments, sampling methodology and population of inference make comparison and benchmarking of innovation indicators across countries extremely challenging.
Second, although innovation in developing economies is likely to be different from innovation in developed countries -more incremental and less radical -most of the questionnaires used in innovation surveys are based on the Oslo or Bogota manuals (OECD/Eurostat, 2005 and Jaramillo et al. 2000) and seem to have some difficulties in capturing the relevance of innovations, to the extent that innovation 3 rates in developing countries appear to be larger than in OECD countries. This is likely to be explained by the subjective nature of some of the key innovation concepts. Respondents in different countries may have different understanding of what is considered as innovation, particularly when they are asked whether the firm has introduced a "new or significantly improved" product or process. In countries with higher prevalence of very incremental innovation, such as developing countries, it becomes even more subjective to judge how substantial or significant these innovation efforts are.
Third and more importantly, implementing innovation surveys is costly, especially in developing countries where the use of self-administered or web-based questionnaires is limited and data collection at the firm level heavily relies on face-to-face interviews. Comparability and reliability of the data collected are two key elements to consider when implementing innovation surveys. Measuring innovation is costly and difficult, and identifying the best instrument to collect innovation data is key from a cost-benefit perspective.
These challenges motivated the Enterprise Analysis Unit of the World Bank Group to conduct an experiment to test two different approaches to measure innovation in developing countries. The first approach, more economical, uses a short questionnaire embedded in a general firm-level survey, namely the Enterprise Surveys (ES). The second approach uses a standalone, longer questionnaire and it is significantly more expensive, although it provides more information.
2 The hypothesis to test is whether a cheaper approach could provide reliable higher frequency innovation data for key innovation inputs and outputs indicators by embedding a few questions in general firm-level surveys.
This paper summarizes the results of the experiment. Using a rich data set of 11,150 firms in 15 countries we quantify differences in innovation rates as measured by the short and long questionnaire and, more importantly, based on insights from the subjective measurement literature, we provide some empirical evidence on what determines these differences.
First we compare self-reported innovation rates in the short and long questionnaire across different types of innovation outputs (product, process, and marketing) and one measure of innovation input (R&D).
Second, focusing on product and process innovation, we look at the description of the innovation introduced at the firm level to establish to which extent self-reported innovations are actual innovations.
We then compare verified and self-reported innovation to determine whether the short or the long questionnaire is correct. Finally, as one of the main challenges of collecting data on firm-level innovation 4 is the subjective nature of the innovation measurement, we examine the extent to which the different types of bias that occur when collecting subjective data play a role in innovation measurement.
Results show that in many cases self-reported innovations in the short and long questionnaire are different, even when the same person is interviewed in the two waves or when explanatory cards with examples or definitions to improve the comprehension of the innovation questions are shown. More importantly, for self-reported innovations that can be verified we find that the short questionnaire provides an incorrect answer in a significant number of cases. We find that issues of framing explain some of this unreliability, while cognitive problems do not appear to play a significant role. Overall, we found that some of the questions by which innovation is measured in current surveys are not appropriately designed to measure innovation in developing countries. This is especially important when using short surveys and, therefore, we recommend not to use short innovation modules with only a few questions in firm-level questionnaires that do not provide detailed verification questions.
The paper makes several contributions to the discussion on how to measure innovation. First, to the best of our knowledge this is the first paper that builds on the literature on subjective data to empirically analyze the potential sources of bias that may affect respondents' behavior in innovation surveys. Second, the paper makes use of a unique effort conducted by the World Bank Group to increase the coverage of innovation surveys. The data used are the most comprehensive set of comparable cross-country surveys on innovation in developing countries available so far. Finally, the paper reports on a unique experiment carried out to analyze methodological issues affecting data collection efforts and to assess the robustness of the Oslo manual framework in the context of developing countries.
The paper is structured as follows. The next section discusses the conceptual framework for the analysis.
Section 3 presents the data used and the experiment conducted in data collection. Section 4 describes the extent of firm level innovation in the two surveys and analyzes the main differences. Section 5 empirically explores the determinants of these differences. The last section concludes.
Conceptual Framework

Measuring firm-level innovation outcomes
Innovation requires the transformation of knowledge capital or innovation inputs into innovation outputs, such as the introduction of new products or processes, increased quality of existing products or processes, marketing or organizational changes, and patented intellectual property. Firms invest in knowledge capital and innovation inputs in order to increase their capabilities to create innovative outcomes. In addition to tangible innovation inputs-such as technology, equipment, and physical production facilities, innovation requires intangible assets such as human capital, scientific and creative capital and, more importantly, managerial and organizational capital. These inputs require in turn specific innovation activities depending on the degree of novelty and technology sophistication of the innovations introduced. Firms invest in training in order to increase their human capital available. In addition, firms can also invest in R&D, software and digitalization or copyrights, patents and licenses, and equipment in order to increase their scientific or innovative capital. Finally, innovation also requires organizational capital through adoption of new business models, design and prototyping or corporate alliances and networks. There is, however, uncertainty about the outcomes that can be achieved with the combination of inputs as innovation outcomes depend on each firm's ability, the sector and country context, and the enabling environment and policy framework.
When measuring innovation, the emphasis can be on measuring inputs and innovation activities and/or innovation outcomes. The earlier literature on innovation measurement focused on a specific set of innovation inputs that were more easily quantifiable, such as R&D or the technological intensity used.
These early efforts were subsequently complemented with the framework provided by the Oslo manual, currently the main reference for innovation surveys, which mainly focuses on measuring innovation outcomes such as new products and/or processes, product and process improvements or patents at the firm level (OECD/EUROSTAT, 2015) . A third generation of synthetic innovation indicators, such as the OECD STI scoreboard, was developed later on. These indicators combine innovation inputs and outputs in order to facilitate cross-country benchmarking and comparisons (OECD, 2015) . However, to date, the Oslo manual framework, implemented originally through the Community Innovation Surveys (CIS) in the EU, has dominated innovation measurement in most countries, to the extent that even countries that do not conduct CIS have adopted the same questions at least in relation to the measurement of innovation outcomes.
One challenge in measuring innovation outcomes is the subjective nature of many of the questions used in the surveys. The Oslo manual defines innovation as "the implementation of a new or significantly improved product (good or service) or process, a new marketing method, a new organizational method in business practices, workplace organization or external relations". Most surveys use this definition to identify innovations, by directly asking firm managers and owners whether they have implemented any
"new" products, processes, marketing methods, or organizational practices or "significant" improvements in existing ones in the last three years. In this context, the answer to this question is problematic since 6 innovation is self-reported and becomes a highly subjective concept, particularly when innovation refers to "significant" improvements. Therefore, the distinction between innovations and mere product, process, marketing or organizational changes becomes murky.
In recent years, several authors have advocated for a focus on knowledge capital assets rather than on innovation inputs or outcomes, leading to a renewed effort to capture investments in intangible assets using data from different sources (Corrado et al., 2005 (Corrado et al., , 2006 (Corrado et al., , and 2011 Hulten & Hao, 2012) . In this approach, three broad categories of intangibles are identified which have some overlap with what is commonly considered as innovation-related activities (or capabilities): (1) computerized information (software and databases); (2) innovative property (R&D as well as intellectual property protection costs, architectural and engineering designs); and (3) economic competencies (brand names, firm-specific human capital and organizational capital). While this approach offers a better and broader measure of firms' capabilities, it poses a challenge as the information required cannot be obtained from existing innovation surveys. Moreover, it's important to highlight that measures of innovation assets are not equivalent to innovation outcomes, as inputs can be used more or less efficiently. Therefore, there is some uncertainty about the type and extent of innovation outcomes that can be produced by firms using their knowledge assets.
The problems with subjective measurement
As discussed above, one of the main challenges when measuring firm-level innovation outcomes is the subjective nature of the definition of innovation used in the survey questionnaires. While in the case of "new" products, processes, organization practices or marketing methods, the main challenge is to check the reliability of the self-reported outcome, an additional challenge arises when trying to capture the introduction of "significantly improved" products, processes, organization practices and marketing methods. The definition of "significantly improved" is highly subjective and can vary across individuals in the same country but also across countries.
Subjective data have strong limitations as measures of actual outcomes. In an influential study, Bertrand and Mullainathan (2001) show the likely bias when analyzing subjective data given their likely correlation with context variables. The authors conclude that while subjective variables can be used carefully as explanatory variables or to explain behavioral differences between individuals, models that use subjective data as dependent variables are likely to produce biased estimates.
The possible sources of bias when using subjective data are numerous, such as those that derive from cognitive problems as shown in Bertrand and Mullainathan (2001) . A large amount of experimental 7 evidence shows that certain characteristics of the survey such as how the questions are structured in the survey, the ordering and the wording used, the format of the interview, or the quality of the translation, all significantly influence the outcome of survey responses. For example, whether the question is formulated in a positive way or in a negative way is more likely to translate into a positive or a negative
answer. In addition, Schwarz (1999) (Bertrand and Mullainathan, 2001) .
A final important element that affects the bias in subjective measures is the reference or recall period (Schwarz, 1999) . The time reference for the question or the recall period in the formulated question impacts the quality of the answer, and has been shown to impact both objective and subjective measures. Das et al. (2012) show that the length of the recall period, comparing a monthly recall with a weekly recall, had a large impact on reported morbidity, doctor visits, sickness, or reported use of self-medication in India. Bertrand and Mullainathan (2001) show that in some cases subjective answers can change over time due to the fact that the individual answering the question may not have established any preferred attitude.
Methodological problems in innovation surveys
The sources of bias identified in the literature on subjective measurement are particularly relevant for innovation surveys given the subjective nature of many of the questions used in innovation surveys. by a stand-alone innovation survey versus a combined R&D and innovation survey (Wilhelmsen, 2014) .
Similarly, an experiment conducted in Flanders region of Belgium shows that innovation rates are considerably and systematically higher when measured with a short questionnaire than when using a long questionnaire (Hoskens, 2015 Cruysen, 2015) . Furthermore, self-reported innovation may be biased by social desirability that, in turn, might have a differential effect on respondents from different cultural backgrounds (Johnson & van de Vijver, 2003) . As innovation is commonly associated with increased productivity and growth, it may perceived as a desirable outcome. Therefore, respondents to innovation surveys may be inclined to overreport innovations when follow-up questions aiming at ascertain the accuracy of the answer are not asked and, furthermore, the tendency to over-report innovation may vary across countries.
Finally, methodological issues can also have an impact on the measurement of innovation across firms of different size, as documented in a recent study conducted in Poland. The study, which compares innovation rates of micro and non-micro firms, shows higher innovation rates for micro firms as compared to small and medium firms (Rozkru, 2015) . This counterintuitive result may be explained by the fact that micro firms may be more likely than larger firms to report improvements as innovation.
In the following sections we attempt to contribute to the literature on the impact of survey methodology on innovation measurement by shedding some light on the importance of problems typical of subjective data when measuring innovation in developing countries.
Data
This paper draws on Innovation Enterprise Surveys data collected between 2012 and 2014 on a representative sample of the formal (registered) non-agricultural, non-mining private sector in SubSaharan Africa and South Asia. Fifteen countries are covered by the surveys: 11 in Sub-Saharan Africa (DRC, Ghana, Kenya, Namibia, Nigeria, Sudan, South Sudan, Tanzania, Uganda, Malawi and Zambia) and four in South Asia (Bangladesh, India, Pakistan, and Nepal) (see Table A2 in the Appendix for more details).
The data were collected by the Enterprise Analysis Unit of the World Bank Group as a part of a DFIDfunded project, which aimed to increase the coverage of innovation surveys in developing countries while assessing at the same time the robustness of the Oslo Manual framework.
The project followed a two stage approach to data collection. In the first stage, a short innovation section (short questionnaire) consisting of 9 questions based on the CIS-type of survey was incorporated into the Enterprise Surveys (ES). The ES is a multi-topic firm-level survey that collects data on firms' characteristics, balance-sheet, and firms' experience of the business environment. 3 In the second stage, an in-depth innovation module (long questionnaire) was administered to randomly selected ES respondents. The questionnaire used in the innovation module is also based on the Oslo manual but expanded to capture more details on the innovation introduced and to integrate other important questions on organization and management practices, use of ICT, and innovation inputs. 4 The follow up survey was submitted to firms independently from their answers to the innovation section in the ES. Whenever possible the same respondent was interviewed in the two rounds of data collection.
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The main advantage of collecting innovation data as part of the ES is that data are fully comparable across countries, allowing benchmarking and comparison of indicators. Moreover, innovation indicators can be related to a broader set of firm-level indicators covering firm's performance, job creation and experience of the business environment. The ES are conducted by using a global methodology, which includes the same universe of inference, same sampling methodology -stratified random sampling -along with a common questionnaire. The sample for each country is stratified by firm-size, sector of activity and location within the country. Weights are provided in the survey to ensure that the sample is representative of the formal (registered) non-agricultural, non-mining private sector of the economy.
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The objective of the project was to test the reliability of the answers provided in the short questionnaire in order to determine if a short set of questions on innovation can be incorporated into standard firmlevel surveys. As suggested above a challenge in measuring innovation, using CIS-type of surveys is the great subjectivity of what constitutes an innovation. In the case of the short questionnaire this problem is exacerbated by a lack of follow up control questions that can provide some details to guide the veracity and accuracy of the answers. Additional methodological issues, like respondents' reactions to combined questionnaires vis-à-vis to single topic questionnaires, should be considered when choosing the most appropriate instrument for innovation surveys. The project also incorporated an additional test to determine the extent to which cognitive problems play a role in biasing respondents' answers. Half of the respondents in the short questionnaire were shown explanatory cards with examples or definitions to improve the comprehension of the innovation questions.
7
Four types of innovation outcomes -product, process, marketing and organization -and one innovation input -R&D -were considered in both surveys. Following the Oslo manual, product innovation is defined as the introduction of new or significantly improved product (goods and/or services) and process innovation is disentangled into three components: methods of manufacturing goods or offering service ("methods" from now onwards); logistics, delivery, or distribution methods for inputs, products, or services ("logistics" from now onwards); supporting activities such as maintenance systems or operations for purchasing, accounting, or computing ("auxiliary" from now onwards). For product and process follow-up questions, however, is slightly different as innovations questions are administered only to firms identified as innovators based on the ES. 6 We note that Enterprise Surveys cover manufacturing as well as services sectors but certain services such as education and health are not covered. Moreover, the primary sector, which encompasses agriculture, mining, forestry, etc., is also excluded from the survey. 7 The experiment of using show cards on half of the sample was conducted in Ghana, Kenya, Tanzania, Uganda, and Zambia.
innovation, the two survey instruments are fully comparable as the same questions are asked in both surveys. The long questionnaire, however, includes some additional follow-up questions designed with the purpose of collecting additional evidence on reported innovation while systematically probing the answers to the standard yes/no questions. Follow-up questions include, a question on the year in which the innovation was introduced as well as open questions where respondents are asked to explain the innovation introduced and how this is different from previous products or processes in the firm. The description variables are critical in our analysis since they allows us to verify the innovation implemented.
As a result, for product and process innovation our dataset contains three measurements: response in short questionnaire, response in the long questionnaire and response in the long questionnaire verified based on the description provided. The following analysis focuses mainly on product and process innovations as these can be verified using the additional information in the long questionnaire to corroborate the reliability of the answers provided.
We also provide some information on marketing innovation and R&D. 9 Data cover about 22,000 firms operating in the manufacturing and services sectors in the short section in the ES and 11,150 firms in the innovation follow-up survey (see Table A2 in the Appendix for more details on the sample by country).
Measured innovation outcomes in the short and long questionnaire
Innovation rates in the two surveys
Results from the two stages of data collection were expected to show some variation given the differences in the two survey instruments and the subjectivity of the questions asked. The extent of these differences, however, is surprisingly high. Overall, in the full sample more firms reported innovation in the short questionnaire as compared to the long questionnaire in all types of innovation but marketing (Figure 1 ).
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The magnitude of these differences varies considerably, ranging from 1 percentage point for R&D to 14
percentage points for process innovation. Moreover, high differences in reported innovation rates are found in all three components of process innovation with the highest difference being in auxiliary activities and logistics (14 percentage points difference) and the smallest in methods (9 percentage points).
Despite the lower innovation rates in the long questionnaire, the proportion of firms that reported innovations are still higher than expected: 19 percent of firms in the full sample engaged in R&D activities, 39 percent of firms reported product innovations and 45 percent of firms reported innovations in processes. Marketing innovations showed an opposite pattern with fewer firms reporting innovation in the short questionnaire (47 percent) compared to the long questionnaire (68 percent). The fact that in the long questionnaire marketing methods were disentangled into several components, each of them with a specific yes/no question, can explain this opposite pattern. In this case the problems with subjective data measurement apply for each of the components in marketing methods and get, therefore, magnified in the complied measure.
The existence of considerable variation in self-reported innovation is also confirmed at the country level.
As Figure 2 shows, differences in reported innovation are sizable across types of innovations and countries. 11 However, the magnitude and direction of these differences vary widely and no country shows consistently lower or higher differences across types of innovation. Despite this heterogeneity, some patterns can be identified. First, with the only exception of Bangladesh, India, South Sudan, and Zambia, innovation rates in product and process are higher when measured by the short questionnaire. Moreover, differences in innovation rates for these two types of innovation are high in most of the countries. Second,
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R&D is the type of innovation characterized by the smaller variation between the two surveys. Although this may be in part driven by the smaller number of firms reporting R&D, the lower differences can also be an indication of a better familiarity of respondents with the concept of R&D investments and therefore smaller measurement errors due to cognitive or framing problems. Finally, innovation rates for marketing methods are higher in the long questionnaire for almost all countries in the sample for the same reason discussed above.
Despite the fact that innovation rates are lower in the long than in the short questionnaire, they are still very high, particularly when the distinction between innovation at the technological frontier and adoption (and adaptation) of existing technologies is not considered. Almost half of the countries in the sample exhibits product and process innovation rates of 40 percent or higher. Reported innovation in marketing is even higher with the innovation rate lower than 50 percent only in two countries. Lower, but still high rates are reported for R&D, ranging from 7 percent in Nepal and Pakistan to 26 percent and 28 percent in Namibia and Malawi and to an even higher 58 percent in India (innovation rates by country and type of innovation are presented in table A3).
Given the existence of considerable differences in innovation rates across countries and the high innovation rates reported in both surveys it is important to verify whether measured innovation rates are accurate. As described above, the long questionnaire provides a description of the new or significantly improved product and processes introduced for all firms. This allows us to verify innovation information and to build a "clean" innovation variable. 12 The cleaning and verification process was possible for around 48% of firms for product innovations and 53% of firms for process innovations (a description of how the cleaning exercise was implemented is provided in the Appendix). The remaining firms reported no innovations in their products and processes. The implication of this, as we will explore below, is that the correctness of the reply for non-innovators cannot be verified. This is a problem in the analysis of the determinants of discrepancies in innovation rates since some of the elements that may bias the responses 12 The following analysis is based on the sample of 11,150 firms for which this information is available. Follow-up questions to be used for the verification and cleaning process were not asked for marketing innovation or R&D. As such the innovation rates based on these two measures cannot be verified. An additional verification was conducted by using the year in which the innovation was introduced to make sure that all reported innovations were introduced in the correct reference period. The question asked whether new or significantly improved process or product were introduced during the past three years but in a few cases respondents reported innovation introduced before that period.
14 for innovators also apply to firms that report themselves as non-innovators. For example cognitive problems, framing or survey fatigue may bias some responses by non-innovators.
Figure 3 compares combined product and process innovation rates as measured in the short questionnaire, the long questionnaire and the cleaned long questionnaire. In all countries the cleaning exercise reduces innovation rates compared to the long questionnaire, although by different magnitudes.
The smallest differences are in Namibia (4 percentage points), Nepal (4 percentage points), and Malawi (6 percentage points) while the highest are in Bangladesh and Sudan, where innovation rates dropped by 20 percentage points and 33 percentage points respectively. Innovation rates measured by the long clean questionnaire are also smaller than in the short questionnaire for all countries with the only exception of Bangladesh. When measured using the clean long questionnaire, combined product and process innovation rates range from 6 percent in Sudan, 15 percent in Pakistan, and 21 percent in Nepal to 78 percent in Bangladesh and 84 percent in India.
2. Which survey provides a more accurate measurement of innovation?
Which questionnaire better captures innovation? Is a long questionnaire a good -or better-instrument to measure innovation in developing countries? The assumption is that a long questionnaire is more likely to capture an accurate picture of innovation as it gives greater information on the context and asks control questions that can potentially increase the accuracy of reported innovation. However, despite these reasonable assumptions, the subjective and self-reported nature of innovation information makes it possible for firms to overestimate or even to underestimate innovation efforts also during in-depth, single topic questionnaires. Moreover, long stands-alone surveys can contribute to increase survey fatigue opening up space to underreport innovation in order to reduce the burden of the interview.
Insights on these possible scenarios can be obtained by looking at respondents' answers in the experiment. Figure A decomposes the different combinations of responses to innovation in the surveys, including the short, long and long-clean questionnaire. Six categories of firms are identified: firms that replied no to both short and long questionnaire (no>no); firms that replied yes to the short questionnaire and no to the long questionnaire (yes>no); firms that replied yes to both questionnaires and for which the answer was confirmed in the long-clean questionnaire (yes>yes>yes); firms that replied yes to both questionnaires but for which the answer was not confirmed (yes>yes>no); firms that replied no to the short questionnaire and yes to the long questionnaire, with the yes confirmed after verification (no>yes>yes); and firms that replied no to the short questionnaire and yes to the long questionnaire, with the yes not confirmed in the long-clean questionnaire (no>yes>no). The percentage of firms in each of the six categories by country is presented in Table 1 . Column (7) shows the percentage of answers that could be verified, which is equal to the share of reported innovators in the long questionnaire, since these are the firms for which the description of innovations is available. In total 70 percent of the answers were verified with the share of verified answers ranging from less than 40 percent of firms in Nepal, Pakistan, and Sudan to almost all firms in Bangladesh and India. Column (8) shows the percentage of firms that provided a correct and consistent answer in the short questionnaire.
On average, 66 percent of the responses were correct, which means that in 34 percent of the cases innovation was not measured correctly when using the short questionnaire. In some countries such as India, South Sudan, and Zambia the short questionnaire provided a correct measure of product and process innovations for more than 75 percent of firms, but in countries like Nepal or Sudan the short questionnaire was successful in measuring innovation in less than 50 percent of the sample. Note, however, that this is based on the assumption that the firms answering no in both surveys (1) or reporting no innovation in the second questionnaire (2), are not providing biased answers; these cannot be verified, and therefore the share of correct answers is an upward estimate.
As seen above, in some countries there are considerable differences between the short and the long questionnaire (column 9). Which measure is correct in these cases? Column (5) shows the cases where the change of response in the long questionnaire could be verified as correct while column (6) reports the cases in which the long questionnaire introduced measurement errors. On average, 8% of cases that changed their answer were able to report innovation correctly (column 5): that is, the long questionnaire gave them the opportunity to correct an initial non correct answer. On the other hand, as column (6) suggests around 2% of cases that did the same misreported innovation: that is the long questionnaire open to door to a mistaken answer. Finally, the last column (10) shows the percentage of cases e that were re-classified based on the description provided in the long questionnaire, around 13% on average. In order to analyze more in depth the reasons for misreporting innovation we looked at the basic characteristics of firms in the six groups identified based on the different combinations of responses to the surveys. In Table 2 for each group we tabulate basic firm's characteristics and in Table 3 we present indicators of the extent to which each group engages in knowledge activities, an important predictor of innovation outcomes.
It is possible that more established and sophisticated firms, like large, old, exporting firms or firms with foreign ownership, may be more familiar with the concept of innovation and, therefore, less likely to misreport innovation. The same may be expected for manufacturing firms, as it can be easier for these firms, than for firms operating in services, to identify a product innovation and to disentangle product from process innovation. On the other hand, it's possible to argue that small and young firms are the more dynamic and innovative firms in the playing field. They can be expected to be more familiar with the concept of innovation and, therefore, less likely to report discrepancies between the two surveys.
The first four rows of Table 2 and Table 3 represent firms that are categorized as non-innovators; the first two are classified as non-innovators in the long innovation questionnaire and the third and fourth are reclassified as non-innovators after verifying the information about the self-reported innovation. First, there are remarkable differences between the first group (no>no) and the other groups in terms of firms' characteristics and innovative efforts. Non-innovators that provided a negative response in both surveys are smaller, younger, less likely to be exporters and invest less in knowledge inputs than all the other categories. This suggests that this no>no group is likely to be a good representation of non-innovators.
Firms that answered yes in the first survey and no in the second (yes>no) present more mixed characteristics. They are bigger and more likely to export compared to the no>no group. However, as firms in the no>no group, they are less likely to engage in knowledge activities compared to the other groups.
While groups in rows 3 and 4 (yes>yes>no and no>yes>no) are different from each other in terms of firm size and likelihood of being exporters or to have foreign participation in ownership, they do have a lower incidence of knowledge activities compared to the group of firms that are innovators -rows 5 and 5-, with the exception of the group that was reclassified as a non-innovator after having a positive response in both surveys.
So do non-innovators in the survey look like non-innovators? In general and looking at knowledge inputs as a predictor of innovator, it is likely that most firms labelled as non-innovators are in fact non-innovators;
although there is a small grey area of about 10 percent of firms -the y>y>n group -where some firms with similar characteristics and incidence on participating in knowledge investments can be innovators or noninnovators. Firms' characteristics, however, seem to be a less straightforward predictor of innovator, apart from the no>no group.
Finally, even assuming that most firms that are classified as non-innovators are in fact non-innovators, the capacity to predict innovation using the short survey is limited, especially for services. Around 31 percent of firms in manufacturing (rows 2, 3 and 6), 41 percent in wholesale and retail and 36 percent in other services are misclassified in the short questionnaire.
Interestingly, the accuracy of responses did not increase even when a show card with detailed examples of innovations (i.e. what was intended as product, process, or marketing innovation) was provided to respondents during the first wave of data collection (Table 4) . Contrary to expectations, the distribution of firms by different groups is the same for firms that were shown and not shown explanatory show cards.
The rate of correct short questionnaires with no-show cards (rows 1, 4 and 5) is 63.22% and with show card is 62.47%.
Overall, the results show very large discrepancies when trying to measure innovation in both surveys, and important mismeasurement when using the short questionnaire. These findings are based on purely descriptive statistics. The next section tests the robustness of these results and dig more in-depth into the determinants of the identified discrepancies.
The empirical analysis
Explaining differences in responses between the two surveys
Based on the literature on subjective measurement and on the role of methodological issues on the measurement of innovation, we identified three sets of elements that may affect respondents' answers to innovation questions (Table A1) : Regarding context and framing, the accuracy of answers is affected by survey fatigue that can be measured by several proxies. A first proxy is represented by the burden of the business environment, as measured by the number of meetings with tax officials. Having frequent meetings with tax officials can be a burden for firms as it reduce the time dedicated to productive activities. Therefore, as the number of meetings with tax official increases, firms may be more inclined to reply to surveys with less accuracy in order to quickly go back to productive work. Moreover, the length of the interview during the first wave of data collection is a good proxy for survey fatigue. Having already replied to a long interview could be an incentive to reply no to innovation questions in a follow-up interview and reduce the time devoted to the survey. Also related to context and framing, respondents and managers have different attitudes to reporting "true" information; we proxy this attitudes with a dummy measuring whether the firm reports having been exposed to the payment of bribes. The direction of the effect is ambiguous. On the one hand a manager that is more likely to report having been exposed to bribes can be thought of as more likely not to provide true information, because more inclined to circumvent the system. On the other hand, one can also claim that reporting having been exposed to the payment of bribes, as opposed to paying bribes but not reporting it, is an indication of being inclined to provide accurate answers during the interview.
Third, firms' characteristics may impact response behavior. Larger, older, foreign owned, and exporting firms may be more likely to provide accurate information due to reputational issues. Also, it is interesting to analyze the performance context of the firm since firms that are expanding (contracting) could have less incentives to provide inaccurate (accurate) information since they can show potential investors and clients a good performance. This is represented by the annualized growth in employment over a three years period. Finally, to explain the differences in answers between the two surveys it is important to consider the recall period, measured by the number of days elapsed between the implementation of the two surveys. The hypothesis is that the longer the time between the surveys, the lower the anchoring effect, as it is more likely that respondents forget the response provided in the first survey.
To empirically verify whether these elements play a role in explaining respondents' behavior we regress the differences in the answers between the two surveys on the variables identified above. We first use a probit model in which the dependent variable takes the value of 1 if the answer in the two surveys is different and 0 otherwise. However, the incentives that play a role in providing different answers in the two surveys maybe be different in yes to no answers -that is, yes to the short questionnaire and no in the long questionnaire, as compared to no to yes answers. In order to capture these different incentives we also estimate a multinomial logit model, where we model three different outcomes. Specifically, we consider the outcomes for Y i equal to 0, 1 and 2; where 0 represents no difference between the two surveys, 1 represents that firm i reports innovation in the short questionnaire and no innovation in the long questionnaire; and 2 when firm i reports no innovation in short questionnaire and innovation in the long questionnaire. Therefore Y i >0 represents discrepancy between questionnaires. Table 5 shows the results of estimating the probit model with country and 2 ISIC digit industry fixed effects. Columns (1) and (2) show the results for the full sample, while column (3) and (4) are the estimates for the group of countries in which show cards where used. The time interval that passes between the two surveys and the number of interviews per supervisor increases the probability of having different 20 answers in the two surveys; as expected, interviewing the same person reduces the probability for discrepancy. The firms' size and ability to be a potential innovator are also negatively correlated with discrepancies in the answers provided in the two surveys. Interestingly, reporting the payment of bribes was shown to be negatively and significantly correlated with discrepancies, supporting the hypothesis that more candid respondents that have no reserve in reporting the payment of bribes are also more frank in answering the innovation questions.
Firm size is negatively associated with the probability for discrepancy probably because larger firms are more likely to know about innovation activities. This possibility seems to be confirmed by the fact that this significance disappears in the sub-set of countries where show cards were used to show examples of innovation. In the sub-set of countries in which show cards where used only the significance for being a potential innovator, time in between interviews, and reporting the payment of bribes holds. Finally, the use of show cards does not have any role in explaining discrepancies.
Results of the multinomial logit estimation are reported in Table 6 . The coefficients need to be interpreted in relation to the baseline category of no discrepancy between the surveys. The columns labeled #a show the coefficients for the cases where the short questionnaire was answered with a yes for product and/or process innovation, while the long questionnaire provided a negative response. The columns labeled #b represent negative answers in the short questionnaire and positive in the long questionnaire. Columns 3 (a and b) and 4 (a and b) estimate the model only for the countries that used explanatory cards in a subset of the interviews.
Regarding cognitive issues or understanding of innovation concepts, firms that carry out at some point an innovation, even if it was abandoned, are less likely to change their mind from yes to no, and more likely to change their mind from no to yes. This is likely the result of a better understanding of the concept of innovation, but it might be also due to the fact that there is high correlation between potential and actual innovation. Neither the manager years of experience nor the years of experience of the respondent in the short questionnaire matters for explaining discrepancies; with the exception in the last case of changing their mind from no to yes. Further, while it was reasonable to find that the manager's experience was not a significant indicator, given that the manager was not always interviewed for each firm, the finding about the respondent's experience with the firm is somehow unexpected. The assumption is that a longer experience of the respondent with the firm would imply lower likelihood of different responses in the two surveys, at least if the difference is considered as the result of lack of knowledge about firm's innovation activities, although not always the same person is interviewed in both surveys. When the same person is 21 interviewed in both surveys, this reduces the probability of a discrepancy but only for the yes-no combination. More surprisingly, the introduction of explanatory cards does not affect the probability of observing a discrepancy. This suggests that overall most of the discrepancies are not likely to be the result of lack of understanding of innovation concepts, and other factors may be at play.
One of these factors is the recall period. The longer it takes for the firm to be re-interviewed, the more likely are discrepancies to arise. Another important factor to increase the likelihood of discrepancy, at least for the combination yes-no, is the number of interviews for which the same individual supervises over as a proxy for the quality of the enumerator interview. Interestingly, the perception of the enumerator about the quality of the first interview is not a good predictor of observing discrepancies.
Regarding the context of the firm and potential survey fatigue, those firms that have payed bribes are less likely to have a no-yes discrepancy across surveys. As we saw in table 1 in majority of cases the change from no to yes was confirmed as innovation. The "no" answer provided in the short questionnaire may have been then originated by the desire to protect the innovation or by a reluctance to share correct information if considered as sensitive. In this case one potential explanation is that firms that are candid about paying bribes are more open also to disclose innovation and therefore less inclined to reply no in the short questionnaire. On the other hand, firms experiencing positive growth in their performance represented by employment growth, appear more likely to a no-yes discrepancy. The average number of meetings with officials as a proxy for survey fatigue is not statistically significant explaining these discrepancies. Finally, large firms and foreign firms, (in one specification) are more likely to have one type of discrepancy (no>yes).
Explaining the quality of the responses in the short questionnaire
One important element to consider when interpreting these results is that in a significant number of cases that answered yes in the second questionnaire are then reclassified after the verification process as noninnovators. Therefore, looking at the discrepancy between surveys is not enough to assess the accuracy of the answers provided in the short questionnaire. For this, we need to look at the differences between the answers in the short questionnaire and the cleaned responses in the long questionnaire. Table 7 and 8 show the estimates of the probit and multinomial logit model for the determinants of providing an inaccurate response in the short questionnaire. Since we are focusing on the ability of the short questionnaire to measure accurately innovation we focus on the potential determinants of errors in the first interview. As such, the time elapsed between interviews or whether the same person 22 responded in both interviews is no longer relevant to explain the errors. In Table 8 , columns 1a, 2a, 3a, and 4a represent cases where there was conflicting information regarding the innovation status of a given firm. Specifically, there was an error in answering "yes" for innovation in the short questionnaire, given that the firm resulted as non-innovator when the answer was verified using the description of the reported innovation. Finally, columns 1b, 2b, 3b, and 4b represent the probability of the reverse error.
Regarding cognitive issues, the results suggest that these factors do not explain the likelihood of erroneously reporting innovation. Neither the experience of the manager or the respondent, nor the use of explanatory cards, have an impact on the probability of erring. Only familiarity with the concept of innovation, here proxied as the firm being a potential innovator, affects the probability of erring in the short questionnaire. However, the coefficient is positive and statistically significant, which is contrary to what we would expect. This suggests that factors other than lack of understanding are likely to explain these errors. Interestingly, the probability of providing an inaccurate response in the short questionnaire is negatively associated with the respondent being female. In particular, female respondents are less likely to answer yes in the short questionnaire when there is no innovation after the verification process.
In terms of the quality of the interview, the estimates suggest that for some specifications there could be an issue with the enumerator; the more interviewers are supervised by the same supervisor the higher the likelihood to collect an inaccurate response. Again, the quality perceived by the enumerator is not a statistically significant predictor of inaccuracy in the response. did not show to be statistically significant. Interestingly, as discussed above, whether the firm reports the payment of informal gifts as a measure of the trustworthiness of responses reduces the probability of an inaccurate response in the no-yes. Finally, expanding firms are more likely to answer negatively in the short questionnaire when they are de facto innovators. This may indicate some desire not to be identified as innovators.
Firm characteristics are also not a good predictor of inaccurate responses with the exception of size and foreign ownership. Larger firms and foreign firms are less likely to provide a negative response when they are innovators. Larger firms in the sub-sample of countries where show cards were used are also less likely to report innovation that is not confirmed after the verification process, reinforcing the conclusion that the short questionnaire provides a less accurate measure of innovation for smaller firms. Age or exporter status do no play any role in explaining inaccurate responses.
One potential caveat of the estimates above is that only those firms that provided a positive response in the long questionnaire could be verified, since verification was conducted on the basis of the description of the innovation implemented. Although as we saw in the previous section, the characteristics of the firms that provided a negative response in both surveys are those of a likely non-innovator, especially
given the lack of investments in knowledge capital; some of the firms in the yes-no outcome could be in fact innovators. One solution to this problem would be to estimate the econometric model only for the sample of firms for which innovation can be verified. However, one potential problem in doing this is sample selection bias, since the sample would then be non-random and it is reduced to those firms answering yes to innovation in the second questionnaire. If an unobserved variable explains the probability of answering yes in the second questionnaire but it is also correlated with the probability of providing an inaccurate response, then our estimates are biased.
In order to correct for the sample selection bias and estimate the model for the sample containing cases where innovation can be verified we employ a Heckman (1976) correction model and use a Heckit estimator. The intuition is that we can correct for the sample selection by using covariates that are strongly correlated with the selection in the sample but not with the outcome. In our case, in addition to firm characteristics, we use whether the firm invests in different types of knowledge inputs to help predict selection, since these are innovation inputs that should make more likely for the firm to provide a positive response, while likely to be uncorrelated with the decision to provide an inaccurate response. Table 9 shows the results of estimating the Heckit model. Even columns estimate the probability of providing a positive response in the long questionnaire, and odd columns estimate the probability of providing an inaccurate answer in the short questionnaire -using also the inverse mills ratio, the ratio of the probability density function to the cumulative distribution function in the first stage, to control for potential sample selection bias and the potential effect of the unobservable covariates.
The knowledge input variables used in the first stage are statistically significant predictors of answering affirmatively in the long questionnaire, with the exception of purchase of knowledge such as patents or trademarks, which tend to be less common for innovation activity in developing countries. The inverse mills ratio coefficient, lambda, is positive and statistically significant suggesting a potential upward bias of the estimates if there is no control for sample selection bias.
Regarding the coefficients of interest, cognitive issues do not seem to play a role in explaining inaccuracy in the short questionnaire response. Again, the results confirm the lack of impact of explanatory cards.
Also, the experience of manager or respondent does not seem to matter. Once we control for the potential selection bias, having familiarity with the concept of innovation and the gender of the respondent are not significant predictor of providing a wrong answer in the short questionnaire. The main results suggest that a lack of quality in the interview, represented by the number of enumerators supervised by the same supervisor, increases the likelihood of inaccuracy; whether if the firm pays informal payments decrease the likelihood of inaccuracy. Furthermore, size is inversely correlated with inaccuracy with larger firms being more likely to correctly report innovation in the short questionnaire.
Other unexplained factors appear to play an important role in explaining such inaccuracy.
Conclusions
This paper shows the results of a survey experiment aiming to identify the best survey instrument for measuring innovation in developing countries. The results from the experiment are clear: a few short questions in a more general firm-level survey do not provide an accurate picture of firm-level innovation activity. This result confirms the findings of studies conducted for more advanced countries such as Norway or Belgium that suggest that shorter surveys tend to overestimate firm level innovation rates.
More context to the questions is likely to be needed; although the innovation rates found in the longer questionnaire, which attempts to provide more context, also requires substantial cleaning and are unreasonably high given the level of development of the countries in the study.
The paper also tries to understand empirically what factors could explain the inaccurate responses to the short questionnaire and the fact that a significant number of firms provide different responses to the same question across questionnaires; sometimes even when the same respondent answered the questionnaire. Results show that lack of knowledge does not seem to play a key role in explaining inaccuracies, as neither the use of explanatory cards nor the experience of the respondent seem to matter. It is also unclear how personal incentives affect the accuracy of response rates. We find that a lower quality interview is more likely to produce inaccurate responses, while whether the firm reports the payment of informal payments and the size of the firm are likely to reduce inaccuracies. Also, in the case of explaining differences in reported innovation between surveys, the time elapsed between interviews and interviewing the same person are strong predictors of differences, likely the result of the recall effect.
Given the prominent role that innovation plays in raising productivity and contributing to economic growth, and the need for a better understanding of firm level innovation dynamics, these findings call for a renewed effort to better measure firm-level innovation outcomes. This will require the revision of existing tools in the context of the revision of the Oslo manual, but perhaps also to test new approaches 25 that look at firms' innovation activities more holistically, providing more clarity and less subjectivity on some of the innovation questions with the possibility of some type of verification. The more details are provided during the interview the less the likelihood of reported errors or discrepancies due to cognitive problems (-) Potential Familiarity with the concept of innovation (firm have abandon or on-going innovation activities)
Figure 1 -Innovation rates in the main ES and innovation follow-up survey by type of innovation
Source: Enterprise Surveys and Innovation Enterprise Surveys
The more firms are familiar with innovation the less the likelihood of reported errors or discrepancies due to cognitive problems (-)
Manager education /Respond's experience
Respondent is a woman
Manager education/ ES Respondent's knowledge about the firm (year of experience with the firm)
Respondent to the ES survey (short questionnaire) is a woman
The more educated (or the more experienced) the manager (the respondent) the less the likelihood of reported errors or discrepancies due to cognitive problems (-)
Female and male respondents may be characterized by a different response behavior. Direction of correlations may go in both directions
Context and Framing
Interview's characteristics Better quality survey can mitigate the impact of cognitive problems Supervisor # interviews per supervisor during the short questionnaire The fewer the interviews per supervisor the better the quality of the survey the less the likelihood of reported errors or discrepancies (-) Same Same respondent in both interviews Same respondent is less likely to provide different answers due same understanding of innovation or for reputational concerns (-) Truthful Quality of the interview (short questionnaire) from enumerator perception
The better the quality of the survey the more respondent is likely to provide accurate answers the less the probability of discrepancies (-)
Context/Survey fatigue
Survey fatigue can encourage respondents to lie or to reply no in the follow-up
Length of the ES Length of the ES survey (short questionnaire) in minutes The longer the length of the first interview the higher the probability of survey fatigue and the higher the probability to answer no to the second interview Business environment Burdensome business environment (number of visits with tax officials)
The more firms are exposed to burdensome business environment the more likely are to experience survey fatigue the less likely are to provide accurate answers (+) Corruption Firms exposure to corruption (firm expected to give gifts to get things done)
The more firms are exposed to corruption the less likely are to provide accurate answers (+) Employment growth Firm growth in employment in the last three years The higher the growth the higher the likelihood to provide accurate answers to show clients and investors a good performance the less discrepancies (-);or the higher the incentive to lie to protect intellectual property (+)
Firm's characteristics
Firms' characteristics may impact firms' incentives when answering to surveys
Size Firms' size (number of employees) The bigger the firm, the higher the likelihood to provide accurate information due to reputation risk, the less the discrepancies (-); or the higher the incentive to lie to protect intellectual property (+) Age Firms' years of operations The older the firm (the less dynamic) the less the knowledge about innovation, the higher the report errors (+); the older the firm the higher the likelihood to provide accurate information due to reputation risk, the less the discrepancies (-); Foreign Firm has foreign ownership (at least 25% of ownership) The more firms are exposed to foreign technology the better the knowledge of innovation the more accurate the answers (-); or 2) or the higher the incentive to lie to protect intellectual property (+) Trade Firm engage in international trade (at least 1% of sales) The more firms are exposed to international trade the better knowledge on innovation the less the discrepancies (-); or the higher the incentive to lie to protect intellectual property (+)
Recall Period
Interval Time elapsed between ES and Innovation module The longer the time between the two interviews the less the probability of anchoring the answer and the higher the probability to forget, the higher the probability of discrepancies (+) 
